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Abstract A new fossil specimen from the early Middle Eocene of an Irdin Manha Formation 
equivalent (Erden Obo Section) in Nei Mongol (Inner Mongolia), China appears to be derived 
from an ameghinornithid-like species, and may represent the first record of the Ameghinornithidae 
in Asia. This new specimen exhibits the subcircular lateral condyle outline, the absence of an 
ossified supratendinal bridge, an enlarged flattened tubercle lateral to the extensor sulcus, and 
other features shared among known ameghinornithid and ameghinornithid-like birds. The Nei 
Mongol fossil is roughly contemporaneous with the oldest records of the ameghinornithids from 
Europe (~48 Ma). The absence of this group of birds from North America, and their occurrence in 
Europe and Asia during the Eocene contrasts with the contemporaneous Nei Mongol mammalian 
fauna that is comprised largely of Asian taxa with a few distinct linkages to North America. Along 
with the record of an ameghinornithid-like bird from the early Oligocene deposits of the Fayum 
area in Egypt, it seems that this extinct bird group had a much larger geographic distribution than 
previously recognized. 
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1 Introduction 


Paleogene birds from China, and Asia in general, are not as well known as those from 
Europe or North America. However, new finds and ongoing research is pulling the fossil record 
of various avian groups earlier in time across Asia (e.g., presbyornithids and owls, Kurochkin 
and Dyke, 2010, 2011) and also documenting the first known Asian records of other avian 
clades (e.g., stem anatids, Stidham and Ni, 2014). As part of this effort, a new fossil from Nei 
Mongol, China appears to represent the first Asian record of another avian clade previously 
known only from Europe (and possibly Africa), the Ameghinornithidae. 
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The extinct enigmatic bird group known as the Ameghinornithidae is best known 
from Middle Eocene sites in Germany and the Eocene-Oligocene Quercy Region in France 
(Mourer-Chauviré, 1981; Mayr, 2005, 2007; Peters, 2007). They are thought to be herbivorous, 
potentially flightless, and members of the clade Cariamae (that is associated with the traditional 
and non-monophyletic Gruiformes) (Mayr and Richter, 2011). The extinct Qianshanornis 
from the Paleocene of China has been proposed to be an early relative of ameghinornithids 
(Mayr et al., 2013), but it differs in several ways from ‘typical’ ameghinornithids and even 
Cariamae (Stidham and Smith, 2015). Recently, a potential addition to that list of localities 
and specimens referred to ameghinornithids was published from the early Oligocene of Egypt 
(Stidham and Smith, 2015). The African specimen shares many characters with the known 
European specimens, but also differs in some subtle ways from Strigogyps (the generic 
level taxon in which all European species have been placed). In addition, another Egyptian 
ameghinornithid-like specimen (representing a second species) from the Eocene part of 
the Fayum sequence is currently under study (N A Smith, personal communication), and 
the results of that effort may reinforce the argument for the presence of this avian group in 
Africa. We follow Mayr’s (2005) usage of Strigogyps for concise communication purposes 
in this paper, but acknowledge that Peters (2007) supported the allocation of the (European) 
ameghinornithid species into three generic level taxa. 

Abbreviations DPC, Duke Primate Center, Duke University, Durham, USA; IVPP, 
Institute of Vertebrate Paleontology and Paleoanthropology, Chinese Academy of Sciences, 
Beijing, China. 


2 Geological setting 


The new specimen was collected from the middle to upper part of what was termed the 
“Basal White” or gray sequence by the Central Asiatic Expedition in the Erden Obo (Urtyn 
Obo; names in parentheses are alternate place name transliterations) Section, Siziwang Qi, Nei 
Mongol (Fig. 1). The mammals from the same bed (in the Aliwusu area) as the avian fossil 
include the rodent Asiomys and perissodactyls Tripolopus proficiens and Pappaceras confluens 
(Fostowicz-Frelik et al., 2012), and other mammals are known from the adjacent beds in the 
same stratigraphic section (Fostowicz-Frelik et al., 2012). Recent investigation suggests these 
fossil-bearing strata are equivalent/correlative to the Irdin Manha Formation (Irdinmanhan 
Asian Land Mammal Age), early Middle Eocene, in the Erlian Basin near the city of Erlian 
(Erenhot) on the border between Nei Mongol (China) and Mongolia. The absolute age 
estimate for the correlative Irdin Manha Formation in the eastern part of the Erlian Basin is 
approximately 48 Ma (Fostowicz-Frelik et al., 2012, 2015; Wang et al., 2010), and the age of 
the Aliwusu avian-bearing sediments is close to that estimated for the fossiliferous deposits 
of Geiseltal and Messel in Germany (also ~48 Ma) that have produced the otherwise oldest 
known ameghinornithids (Mertz et al., 2000; Mertz and Renne, 2005). 
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Fig. 1 Map of the major Paleogene fossil localities in the Erlian Basin, Nei Mongol, China 


The ameghinornithid fossil is from Erden Obo (locality 16, demarcated with an arrow). Other fossil localities 
are: 1. Houldjin; 2. Arshanto Obo; 3. Irdin Manha; 4. Subeng; 5. Daoteyin Obo = Overnight Camp; 
6. Duheminboerhe = Camp Margetts; 7. Nuhetingboerhe; 8. Wulanboerhe, Ulan Bulak; 9. Huheboerhe, Huhe 
Bulak; 10. Bayan Ulan; 11. Nom Khong = Nom Khong Ora, Nom Khong Shireh, or Holy Mesa; 
12. Wulantaolegai = 4 Miles North of Tukhum Lamasery; 13. Wulanhuxiu = Chimney Butte = 8 Miles North 
of Tukhum Lamasery; 14. Yihesubu; 15. Haliut; 16. Erden Obo = Urtyn Obo; 17. Ganggan Obo = Ulan Shireh 
Obo; 18. Heretu = Spring Camp; 19. Bayan Obo = Twin Oboes; 20. Jnama Obo; 21. Haerhada = 4 Miles North 
of Baron Sog Lamasery; 22. Ulan Gochu; and 23. Ula Usu. The map is modified from Wang et al. (2012) 


3 Systematic paleontology 


Aves Linneaus, 1758 
Cariamae Fiirbringer, 1888 


cf. Ameghinornithidae Mourer-Chauviré, 1981 


Specimen IVPP V 23319 is a distal left tibiotarsus collected by Dan Gebo in 2007 (Fig. 2). 
Locality Aliwusu is in the Erden Obo Section, Siziwang Qi, Nei Mongol, China (Fig. 1 


and see above). 


Horizon and age The specimen was collected from the middle-upper part of the “Basal 


White” that is equivalent to the Irdin Manha Formation. The age is early Middle Eocene and 


close to 48 Ma (see above). 
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Fig. 2 The ameghinornithid-like distal tibiotarsus IVPP V 23319 (A-C) from Nei Mongol, China 
in comparison to the ameghinornithid-like specimen DPC 5659 (D—F) from the Fayum, Egypt 
A, D. medial view; B, E. cranial view; and C, F. lateral view. DPC 5659 is photo reversed 
(from the right to left side) to promote comparison with the Chinese specimen 
Abbreviations: f. foramen; g. groove; is. intercondylar sulcus; lb. lateral boss; lc. lateral condyle; 
mc. medial condyle; me. medial epicondyle; r. ridge; ts. tendinal sulcus 

Diagnostic taxonomic features The specimen lacks an ossified supratendinal bridge (as 
an ontogenetically adult individual, that has a completely fused tibia, astragalus, and calcaneum 
with a smooth bone surface lacking any remnants of sutures), has a subcircular outline of the 
lateral condyle, has a large and medially projecting medial epicondyle, has a lateral condyle 
extending proximal to the medial condyle, and has an asymmetrical intercondylar sulcus 
(with a deeper medial portion) that were all considered by Peters (2007) as apomorphies of 
Ameghinornithidae (and Strigogyps sensu Mayr, 2005). The relative proximal extension of the 
condyles with the lateral proximal to the medial condyle is plesiomorphic for the Cariamae 
(where Ameghinornithidae is placed) and is not an apomorphy of this particular avian clade. 

Species differences The Nei Mongol specimen appears to represent a previously 
unknown taxon, but we refrain from naming it given the small amount of comparative 
material available (a single distal limb element). IVPP V 23319 is smaller than the tibiotarsus 
of Strigogyps robustus and S. dubius, larger than S. sapea, and similar in size with the 
Fayum specimen DPC 5659 (Table 1). The Chinese fossil has the lateral boss more medially 
positioned than in the younger Fayum specimen (Fig. 2), where it is proximal (rather than 
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medial) to the lateral condyle. The medial epicondylar pit (cranial to the medial epicondyle; 
Fig. 2) appears to be deeper in S. sapea than the condition preserved in V 23319 (Mayr, 2005: 
fig. 5). Strigogyps sapea and V 23319 share a distinct extensor sulcus that is narrower and 
deeper than the less distinct, shallowly concave, broad area in the Oligocene Fayum specimen 
(Mayr, 2005; Stidham and Smith, 2015). The presence of a distinct attachment point for the 
medial side of the supratendinal bridge in V 23319 may be a unique feature for this species 
because that structure has not been mentioned in other descriptions of ameghinornithids and 
cannot be seen in any illustrations of the published fossil material (e.g., Mayr, 2005; Peters, 
2007). The distal margin of the intercondylar sulcus is more deeply concave in Qianshanornis 
than the state in V 23319 and other material referred to Ameghinornithidae (Mayr et al., 2013: 
fig. 4). Qianshanornis also has condyles that extend about equally far proximally, and that 
character state is (plesiomorphically) absent among Cariamae, who have a more proximal 
lateral condyle (see Fig. 2 for an illustration). Additionally, the medial epicondyle is not visible 
in cranial view in Qianshanornis (Mayr et al., 2013:fig. 4). 


Table 1 Measurements of the distal tibiotarsus in Ameghinornithidae specimens 


and potential ameghinornithids from Africa and Asia (mm) 
Species Distal mediolateral width Distal craniocaudal depth 
Strigogyps dubius 20.2 19.0 
Strigogyps robustus 26.0 = 
Strigogyps sapea 15.0 14.0 
Fayum sp. 17.1 15.1 
Nei Mongol sp. 16.5 13.8 


Note: measurements from previously published specimens derive from Stidham and Smith (2015). 


4 Description and comparisons 


Description The specimen is white to light gray in color. It is 27.7 mm long (proximodistally), 
13.8 mm deep craniocaudally, and the distal end is 16.5 mm wide (mediolaterally). The 
specimen is missing some of the caudal surface on the medial side, and much of the surface of 
the distal end of the bone is worn or missing. 

The concavity of the extensor sulcus extends to the broken proximal edge of the 
specimen. On the medial side of the extensor sulcus near the proximal preserved end is a 
slightly raised (worn) area that may be the location of the medial attachment point of the 
extensor retinaculum. It is unclear where the lateral attachment point is located. The distal end 
of the extensor sulcus ends in a slightly enlarged ovoid basin. There is no ossified supratendinal 
bridge, but there is a small proximodistally elongate tubercle on the medial side of the extensor 
sulcus just proximal to the enlarged basin where the (unossified) bridge likely would have 
attached. On the lateral side of the extensor sulcus and slightly more distal than the position of 
the tubercle on the medial side, is an enlarged boss. That embossment is medial to the proximal 
end of the lateral condyle and flatter in its medial half than the distinctly convex lateral portion. 
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Presumably, the lateral side of the (unossified) supratendinal bridge attached to some part of 
the boss. Directly lateral to that boss on the craniolateral corner of the tibial shaft is a small 
foramen (that is not formed by the loss of surface bone on the specimen). On the lateral side of 
the tibial shaft in its cranial half, there is a single wide shallow groove presumably for the m. 
fibularis. The groove ends distally at the level of the proximal end of the lateral condyle, and 
its proximal end is near the same proximodistal level of the potential medial attachment of the 
extensor retinaculum. The cranial ridge bounding the lateral sulcus curves medially in its most 
proximal portion. The lateral surface of the lateral condyle is essentially flat and the condyle 
has a subcircular outline. There is no notch where the proximal end of the lateral condyle joins 
the tibial shaft. 

The lateral condyle extends more proximal than the medial condyle. Some of the lateral 
condyle and adjacent intercondylar sulcus is damaged. The distal margin of the bone (in cranial 
view) is concave. The condyles extend about equally far cranially. There is a slight notch in 
the proximal edge of the medial condyle (medial view). The medial condyle is medial to the 
medial edge of the tibial shaft. There is part of broken large medial epicondyle preserved. The 
area cranial to the medial epicondyle is concave, and the medial epicondyle is visible in cranial 
view. The medial epicondyle is at the same level as the cranial edge of the tibial shaft. It does 
not appear that the articulation for the tibial cartilage extended more proximal than the lateral 
condyle, but much of the articulation’s surface is damaged. As preserved, the intercondylar 
sulcus is asymmetrical with a steeper medial side and a shallower lateral side. 

Comparisons The specimen is similar in size to that of other specimens referred to 
ameghinornithids (Table 1), and is at the lower end of the size variation circumscribed by 
specimens of Strigogyps. The Nei Mongol specimen is closest in size to the published Fayum 
specimen and S. sapea (Table 1). The shape of the intercondylar sulcus (distal view) is very 
similar between the Asian and African fossils, and they both share a notch in the proximal end 
of the medial condyle. 

While this new specimen is similar overall to the Oligocene Fayum fossil, the Nei 
Mongol specimen exhibits a more distinct tendinal sulcus with a clear medial attachment 
for a supratendinal (unossified) bridge than the states in the Fayum specimen (Stidham and 
Smith, 2015). In addition, IVPP V 23319 lacks the double set of grooves and ridges on the 
lateral distal edge of the tibial shaft that are present in the Oligocene Fayum specimen, and the 
Chinese specimen lacks the mediolaterally elongate pit distal to the extensor sulcus present in 
the published African specimen (Stidham and Smith, 2015). 

The medial epicondyle appears to be more cranially positioned in all known specimens 
compared to the (more caudal) position in the published Fayum specimen. The absence of the 
projection of the medial condyle cranial to the lateral condyle in the younger Fayum specimen 
differs from the known specimens of Strigogyps and the Nei Mongol fossil. The extensor 
sulcus is also more distinct in the known specimens of Strigogyps and IVPP V 23319 than 
the state in the Oligocene African specimen. Overall, it seems that this first tentative record 
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of Ameghinornithidae in Asia is overall more similar to the morphology known in Strigogyps 
than that found in the much younger Egyptian species. 


5 Discussion 


With the Paleocene Qianshanornis from China as a (very) tentative relative of 
Ameghinornithidae (Mayr et al., 2013), it is possible that the ameghinornithid lineage 
potentially originated in Asia with later dispersal to Europe (and Africa). The differences 
previously noted between the Fayum specimen and Qianshanornis (Stidham and Smith, 2015) 
are mostly the same ones present between the Nei Mongol specimen and Qianshanornis 
(see species differences above), and do not clearly support a close relationship between 
ameghinornithids (and ameghinornithid-like specimens) and Qianshanornis. However, given 
the large age difference between Qianshanornis (early Paleocene, Shanghuan Asian Land 
Mammal Age) and IVPP V 23319 (early Middle Eocene), the morphological differences could 
be the result of evolutionary change if the two species represented by the fossils are in fact, 
close relatives. 

The mammalian faunas from the Middle Eocene of Nei Mongol are largely composed 
of Asian taxa that do not exhibit any close biogeographic affinities to other continents (e.g., 
Tsubamoto et al., 2004), with the exception of the indication of dispersal among primates 
between Asia and North America (Ni et al., 2010) and the movement of Asian taxa to North 
America (Woodburne and Swisher, 1995). In contrast, the presence of an ameghinornithid 
among the vertebrate fauna of the Nei Mongol Middle Eocene would point to a biogeographic 
linkage to contemporaneous western Europe (i.e., Messel and Geiseltal). Ameghinornithids 
are not known from North America. However, Mayr (2005) once considered that Bathornis 
(Neocathartes) grallator could be related to Ameghinornithidae because of a hypothesized 
missing supratendinal bridge, but he later (2009) placed that species within the Bathornithidae, 
while encouraging further work on that group. With the distribution of ameghinornithids (and 
fossils like that above that appear to be ameghinornithids) across Eurasia and into Africa, 
it would add support to the hypothesis that ameghinornithids were volant, or at the very 
least, they were very accomplished ground dispersers. The younger Fayum specimens (early 
Oligocene and late Eocene) south of the Tethys Seaway would require a trans-seaway dispersal 
that was crossed similarly by other birds (e.g., Angst et al., 2013) and mammals (e.g., Solé et 
al., 2015), though apparently in the opposite direction (i.e., immigration from Africa). Only 
the discovery of additional fossils in Asia and Africa will resolve the phylogenetic affinities of 
these isolated, but interesting specimens. 
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